This paper empirically investigates the environmental Kuznets curve (EKC) for CO 2 emissions in the cases of 11 OECD countries by taking into account the role of nuclear energy in electricity production. The autoregressive distributed lag (ARDL) approach to cointegration is employed as the estimation method. Our results indicate that energy consumption has a positive impact on CO 2 emissions in most countries in the study. However, the impact of trade is not statistically significant. The results provide evidence for a role of nuclear power in reducing CO 2 emissions only in some countries. Additionally, although the estimated long-run coefficients of income and its square satisfy the EKC hypothesis in Finland, Japan, Korea and Spain, only Finland's EKC turning point is inside the sample period of the study, providing poor evidence in support of the EKC hypothesis.
Introduction
Carbon dioxide (CO 2 ) is considered one of the main causes of global warming. For this reason, whether the environmental Kuznets curve (EKC) exists for CO 2 emissions has been a central topic in environmental economics. The EKC hypothesis claims that an inverted U-shaped relation exists between income and environmental pollutants. 1 A great number of related studies on the EKC for CO 2 emissions are available. For example, Shafik (1994) and Holtz-Eakin and Selden (1995) find that CO 2 emissions monotonically increase with per capita income. Soytas et al. (2007) With the aim of contributing to the research on the EKC for CO 2 emissions, this study provides new evidence from 11 OECD countries by focusing on nuclear energy for electricity production. This approach is of interest because the world demand for electricity is increasing with economic growth.
Electricity can be produced using various resources such as oil, coal, natural gas, hydropower and nuclear power, the latter two of which produce fewer CO 2 emissions during the production of electricity. Our paper, however, focuses on nuclear power because the ratio of hydropower to the total electricity produced is low in most countries except for a few, such as Canada, which possess abundant water resources. Richmond and Kaufman (2006) , an earlier study considering nuclear power generation, investigate the EKC for CO 2 in OECD and non-OECD countries. However, they use panel data analysis as their estimation method. The structure of this paper is as follows. Section 2 discusses the estimation methodology. Section 3 provides the empirical analysis, including data and the estimation results. Section 4 is the conclusion.
Estimation Methodology
In addition to the EKC hypothesis, which suggests that there is a nonlinear quadratic relationship between income and environmental pollutants, this study considers the effects of nuclear energy in electricity production, which may impact CO 2 emissions. The logarithm version for our baseline estimation model can be written as follows:
where co 2 is per capita CO 2 emissions, y is per capita real GDP, nuc is electricity production from the nuclear source (% of total) and υ is the standard error term.
As the estimation methodology, we employ the autoregressive distributed lag (ARDL) approach proposed by Pesaran et al. (2001) .
The estimation equation (1) above can be written as an unrestricted error correction representation of the ARDL model:
where ζ t is the standard error term.
In the analysis, first, the existence of a long-run relation between the variables in the system is tested. The null hypothesis of no cointegration relationship, H 0 : δ 1 = δ 2 = δ 3 = δ 4 = 0, is tested against its alternative, 
Data and Estimation Results

Data
Our study employs the annual data of OECD countries obtained from the Italy ceased using nuclear energy for electricity production in 1988 and the sample average of the share of nuclear energy sources in total electricity production in the Netherlands is less than 5%. 
Estimation Results
First, F-test results with 1 and 2 lag orders are reported in Table 1 . 4 The results of baseline equation (2) are presented as case 1, whereas the results 3 Trade here is defined as the sum of exports and imports. 4 We set this lag order in order to ensure a sufficient degree of freedom for time series analysis because the sample sizes of the selected countries in our study are quite small. 3. "a" is the value lies between criteria value (CV) bands.
Next, baseline equation (2) and the expanded equations are estimated using the ARDL approach. 5 The maximum lag length is set to 2 for all countries except for Finland and Korea, whose maximum lag length for the ARDL estimation procedure is set to 1 because the sample sizes, which span from 1977 to 2003, are small compared to those of other countries. With this maximum lag length setting, the ARDL models are selected using AIC. 5 We also conduct an analysis of the model in which CO2 emissions are determined only by income and its square. However, except for Germany, the coefficients of income and its square are not statistically significant.
The selected models are reported in the third column of Table 2 . In the table, we also provide the long-run estimation results of cases 1, 2 and 3 as well as the lagged error correction term (EC t−1 ) for each country. 6 As shown in Table 2 , except for the cases of Canada (case 2), Sweden, Switzerland (cases 2 and 3) and the US (cases 1, 2 and 3), the coefficients of EC t−1 are significantly negative and smaller than unity in absolute values.
These results provide evidence supporting the existence of a cointegration relationship among variables. We also conduct the CUSUM and CUSUMSQ stability tests for the cases of countries in which the cointegration is con- Given the fact that OECD countries are at mature stages of economic development, the turning points of the EKC in these countries should be within the sample period if the EKC exists. Thus, in general, our results provide poor evidence for the EKC hypothesis for CO 2 emissions.
Conclusion
This study examines the determinants of CO 2 emissions in 11 OECD countries by using an estimation equation that incorporates nuclear energy for 6 The results of the short run can be provided upon request. 7 The turning points of Finland, Japan, Korea and Spain in logarithm versions are, respectively, 10.109 (case 2), 15.555 (case 1), 16 .861 (case 1) and 9.909 (case 1). Finally, it is worth noting that our study does not take into account the trade of electric power among selected countries. Because some countries may export electric power produced by nuclear energy to neighboring countries, the nuclear energy in electricity production in the exporting countries may also affect the CO 2 emissions of their neighbors. Thus, when considering the trade of electrical power in the study, the obtained results may change to some extent. This factor is beyond the scope of our study but will be examined in future research.
